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Abstract

‘1’wo omni-dircctional  and circularly polarized low gain antennas (the crossed drooping dipole and the

TNfzl mode circular patch antenna) are developed for direct broadcast satellite radio (DBSR) outdoor mobile

terminal applications.l~o  medium gain circularly polarized microstrip  patch arrays (one uses the conventional

circular polarization (CP) feed and the other uses the sequentially arranged CP feed techniques) arc also

dcvclopcd  to provide at least 12 d13ic peak gain for DBSR indoor fixed terminal applications. l’hc sequentially

arranged CP fed array has a better CP performance over a broader bandwidth than the conventionally fcd

array. All the antennas are small in size/n~ass  and inexpensive in fabrication ccst, l’hc patch antennas have

also the low profile feature.



]ntroduct  ion

The Direct Broadcast Satellite Radio (1)11S1{) l’rogl  am is a joint effort bctwccn  NASA and the lJnitcd

Stales Information Agency/Voice of Amcxica (USIA/VOA). 1111S1{  will offer audio signals via satellite with

various levels of sound quality (AM, FM, and CD) to reach a variety of radio receiver types (fixed, portsblc,

and, mobile) in various environments (indoor/outdoor, rural, urban, and suburban). l’hc mobile antenna

requircmentsare:  (1) small size and mass, (2) 2,05 Gl17. operating frcqucncywith 40 MHz bandwidth, (3) right

hand circular polarization (RI ICP), (4) 360° azimuthal cove.rage, (5) at least 4 d13ic peak gain bctwccn  40 and

60° from zenith. The mobile antennas arc to be mounted on an 18’ diameter ground plane simulating the

riutornobilc’s  antenna mounting platform. 21c indoor fixed terminal medium gain antenna requirements arc

the same as the mobile antenna except providing at least 12 dllic peak gain to account for the additional

propagation loss through the building enclosure.

JP1. has successfully conducted two reception experiments and demonstrations via a NASA Tracking

Data Relay Satellite (TDRS) at 62° West longitude with sound signals sent from White Sands, New Mexico.

‘I%CSC  live demonstrations were conducted at Pasadena, California and at Rucnos Aires, Argentina in June

and September 1993, respectively. This paper describes the low cost antennas dcvclopcd  at J] ’I. for the two

demonstrations. They are drooping dipole and ‘I’Mz, mode circular patch antennas for mobile platforms as well

as medium gain microstrip  antennas for indoor environments. ~’hcy arc dcscribcd  individually in the following

sections.

Drooping Dipoles

A crossed drooping dipole antenna was designed based on the previous mobile sntcllitc  MSA7’

antennas at I,-band [1]. The crossed drooping dipole antenna has four arms curved downward with two shorter

arms’ length and two longer arms’ length than quatcr-wavelength to provide better circular polnri~.ation,  a

movable tuning ring for better impedance matching and a finite and adjustable height ground plane for pattern

shape adjustment. Figure 1 illustrates the physical configuration of this antcnrra.’l”hc  irnpcdancc  match tuning

ring, dipole length (1.2” short arms’ length ancl 1.8’ long arms’ length) and 3,2” height (rncasurcd  from the

ground plane to the center of the dipole arms) were all adjusted to achicvc the optimum 1{1; pcrforrnancc at



2.05 GIIz. q“hc 3.2” height was also found to direct the beam pcok at & 60°. l:i.gurc  2 shows a rcprcsentativc

measured radiation pattern for onc of these drooping dipole antennas. l’hc measured VSWR and gain

performances of the antenna arc summarized in ‘1’able 1. l’hcy all meet the 1)11S1< omni mobi]c  antenna

rcquircmcnt  stated earlier.

Omni Patch Antennas

~’hc circular patch antenna, as illustrated in }Figurc 3, is modified from the MSN1’ ‘1’M21 mode patch

antenna at 2,295 GIIz [2]. The patch antenna’s diameter is d with a 5.2” diameter top radiating patch, which

is printed on a 0.5” thick Nomcx honeycomb with 5 mil thick Micaply face sheets. l’hc original MSA2’ patch

antenna was measured with an external feed component consisting of a two-way power divider and two 90°

hybrids. To rcducc the feed circuit loss and to provide a precise amplitude and phase input at the four feed

ports, a printed circuit board (PC13) striplinc  feed, as clcpictcd  in l’igurc  4, was designed rind fabricated. ‘I’his

circular patch antenna has four specific feed points conncctcd to the four output ports of the printed circuit

board (PCB), which was designed to provide the correct amp]itudcs  and phase quadraturcs  (for right hand

circular polarization or RIICP)  at the four feed points. “1’hus the patch antenna was measured either with a

PC13 feed or an external feed. lndccd,  the patch antenna with the PCB fc.cd has approximately one d]] higher

gain and demonstrated the conformability of the whole antenna systcm. l’able 1 summarizes the measured

peak gain, its peak direction, and the VSWR of all the anlcnnas. l;igurc 5 shows a rcprcscntativc  measured

radiation pattern for these antennas. Further, the size of this 1’M21 mode patch antenna may bc rcduccd to

3.75” in diameter) by replacing the lower dielectric constant honeycomb with a 0.125” thick “1’cflon-Iiibcrglass

substrate (2.17 dielectric constant).

hlcdium  Gain Antennas

“IVO patch array antennas (2 by 2 elements, 8.5” by 8,5” in size and ctchcd  on a 0.126” thick dielectric

substrate) were dcvclopcd  to provide at Icast  12 dllic  peak ~ain (at broadside). Iloth arrays have four squnrc

patches fcd with two orthogonal microstrip  feed lines for CP. Onc array uscs a conventional feed [3,4], as

illustrated in I;igurc  6, to gcncratc  circular polarization. ‘1’}Ic four square patches (1.84” in clcmcn[  size and
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4“ spacing) arc fed by microstrip  transmission lines with identic~l orthogonal feeds. l“hc overall nntcnna size

is 8“ by 8“. lfie other array, as dcpictcd in P’igurc 7, uses the sequentially arranged feed technique [5,6]. IIcrc

the four patch clcmcnts  are spaced 3.166” apart and arc cxcitcd by four sets of feeds ar’rangcci  physically in

the 0°, 90°, 180°, and 270° configuration. With this approach, not only the four sets of feeds arc symmetrical,

but the undesirable higher order modes from all patches arc canccllcd.  Ilcncc  better Cl’ performance over

a wider bandwidth is obtained. Note that the single, feed probe of the array is located off the ccntcr by 90° in

phnsc. l%US the top two patches arc 180° out-of-phase from the bottom two patches. “l’he overall sixc of this

array is 8.5” by 8.5” including the printed microstrip  transmission lines. I;igurc 8 illustrates a rcprcscntative

measured radiation pattern from this array. “Ile  measured array performances arc summarized in 7’able 2.

Clearly, the sequentially fcd array gives better VSWR bandwidth, axial ratio, and sidclobc lcvc1(-24  dH S1.1.)

performance than the conventional feed array. Due to the smaller clcrncnt  spacing for the sequential feed

array, the peak gain is slightly lower than the conventional feed array. Note that the antenna size may be

further reduced to approximately 6“ by 6“ in size by replacing the feed lines with a PCB feed circuit board

behind the radiating patch elements.

Conclusion

Two different low ~~in omni antennas (the drooping dipole and the TM21 mode circular patch

antennas), and two medium gain patch antennas were dcvclopcd  for the successful 1113S1{  demonstrations in

Pasadena, California and 13ucnos  Aires, Argentina. “I”hcsc low cost antennas can bc used either indoors or

outdoors to receive digital audio signals from the 7’1111SS satellite. “l’he patch antennas are more conformal

than the drooping dipole antennas. For the medium gain antcnrra,  the scquential]y  arranged CP fed array has

a better CP performance over a broader bandwidth than the conventionally fed array. l;inally,  these antcnrras

have myriad applicationsin  modern satcllitcor wireless communication systems, such as, MSAT, INMARSK1’,

IRIDIUM, Globalstar,  Odyssey, Gcostar, etc.
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TABLE 1. Summaty  of Measured Omni Antenna Performances at 2.0S GIIZ

l>rooping  Dipole

—————

l’atch w/o PCB Feed

———
Patch with PCB Feed

.—— ——

1.12 60 4.8

T
-——. —.-—.-_.—-——

1.4 36 T5.5

--.L- ——.——-——.————. ——.. __._L_._~

Table 2. Summary of Medium Gain Antenna Performance at 2.0S GIIz

.. —-.——

Array l~e

Peak Gain (dllic)

———
VSNR

Bandw”dth (MHz)

IJcamwidth  (Deg.)

—— —

Sidclobc  Level (dEl)

Axial Ratio (dB)

—. ——-— ——....—

.- ————. —..

~~enti”na’’’=:-=:
———....—.——
1.13 1.48

82 I 132

38

i

46

—— -.-———— —

-13 -24

1.4

- - l

0.8

—.— ——.—.——— .-. ——.— . — — . . - — - — . . . . — — - ———. —



Figure 1. Photo of a crossed drooping c~ipole  antenna on a
ground p lane .
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F i g u r e  3.. photo  of a -IW121 mode micrc)strip antenna.
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F i g u r e  4. Strip-line printed circuit  feed for the TIM21 m o d e

ci rcular  pa tch  antenna .
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